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5 and the method by wMeh it is to fae performed^ to be particularly described in and 5 
by the following statement: — 

Tliis invention feUies to mctal-halogcn clectrochcxnical cells having an 
aqueous solution of a metal halidc as the electrolyte. In particular^ the present 
invention relates to improved electrochemical ceUs. Including batteries, employing 

10 a zinc or cadmium anode « a bromine cathode and an aqueous metal bromide 10 
electrolyte in which the metal Is the same as the metal of the anode. 

Cells for the production of electricity having two electrodes, one with a high 
positive oxidizing potential, the anode, and one with a strong negative or reducing 
potential the cathode, have long been known. Typical of such type cells as metal- 

15 halogen cells in which the anode material most commonly employed is zinc and the 15 
most commonly employed cathodic halogen is bromine. Among the advantages of 
such cells is their extremely high theoretical energv density. For example, in the 
zinc-bromine cell, the battery v^l have a theoretical energy density of 200 Woh/lb. 
(i.e., watt hours per pound) and an electric potential of about L85 volts per cell. 

20 In such a cell the surface of the anode, for example, zinc, oxidizes, i.e., 20 

undergoes a positive increase in valence. As a resuh thereof, zinc atoms are 
converted to zinc iona which etiter the electrolyte according to the equation: 

Zn-*Zn++'(-2e 

The chemical reaction occurring at the cathode is expressed by the following 
25 equation: 25 

Brj+2e-*2Br 

ThuB, the overall chemical reaction can be written as follows: 

Zn+Brar»*Zn+++2Br 

The "arrow to the right indicates the direction of the chemical reaction occurring 
30 during cell discharge and the arrow to the left indicates the chemical reaction 30 
occurring during charging of the cell. 

The electrochemical cells of the foregoing type are known to suffer from a 
number of disadvantages. Most of these disadvantages are associated with side 
reactions which may occur in such cells. For example, during the charging process 
35 free bromine is produced in the cell* This free bromine is available for chemical 35 
reaction with the metal anode, e.g., zinc, thereby resulting in an autodischarge of 
the cell. Additionally, there is the tendency for hydrogen gas to be generated when 
considerable amounts of free bromine are present in the aqueous phase. It is 
believed that hydrogen h generated according to the following chemical reactions: 

40 Brj-t-HjO-rHBr+HBrO 40 

2HBr-t-Zn-ZnBr,+H, 
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The art is replete with efforts on the part of many inventors to overcome the 
above-mentioned disadvantages. U.S. Patent 2,566,114, for example discioses the 
use of tetracttiyl and tclrametliyl ammonium bromides for binding bromine 
generated during charging of the ceU. The tetraalkyi ammomum bromide w added ^ 
5 to the powdered carbon surrounding the cathode. .„ „ii,„i 

U.S. Patent 3.738.870 discloses the use of the johd miMure of an alkyj 
amrabdum perchlorate and conductive materials such as graplute to form solid 
addition producU with halogen released during chargms of such cells. 

U.S. Patent 3,811,945 discloses the use of ccrUm alkyl amfO'?"'™ ,q 
10 pcrchlorates. diamine bromides and diamine pcrchlorates. which ate "Pa")? 

forming solid addition producU with calhodic bromine and which are substantially 

conttusf to those references which suggest forming solid addition producU 
with broihine. U.S. Patent 3,408.232 discloses the use o? an organic solvent for 

15 elemental bromine in such aqueous anc-bromine batteries. . l,„„j, ,„j 
U S. Patent 3,816,177 discloses the use of a quaternary ammodium halide ana 
a depolarizer io the electrolyte. The depolarizer is an organic coraplexing solvent 
which dissolves in water and is nonreactive towards the hUofieo at the «u ana 
forms a water insoluble complex in the presence of quaternary ammonium ti*"aes. 

20 These references and many others show a continumg effort on the part o 

many inventors to overcome some of the disadvantages «»°c.ated wth the m^^^^ 
halogen ceUs of the tos nifcrted to he^ui. UDfortunately, the methods proposed 
fo?^«tBefe5S.ironea a^i^Vaiit^ have rdf afltquatcly wttcamc 
such disadvantages- There is. consequently, a need for more effective methods for 

25 preventint; loss of cell capacity in aqueous zmc-halogen cells. 

The present invention is predicated on the d scovery that molecular b^raif « 
sufficiently separated from an aqueous solution In the form of a liquid complex by 
chemical reaction with certain tetraorgano substituted ammomum salts, espcciauy 
Stuted ammonium bromides. Specifically the tetraorgano subst.t^^^^^^ 

30 ammonium salts must be those salts which are soluble in water and are capable of JU 
combininTwith molecular bromine to form a substantially water immiscible Uqmd 

"'"Accordingly, in one aspect of tie present mvention there is P^vided an 
electrochemical ceU comprisinE a metal anode havmg as its active component 
35 either rinc or cadmium; a brtjmine cathode; an aqueous metal bromide solution as 35 
electrolyte, the metal of the metal bromide being tiie same as the tnetaJ of the anode 
and, as the sole bromine complexing agent, a water soluble ^^^J^J'^^^jy^^^'Xfhr 
ammonium salt which combines with cathodic bromine to form a substanuauy 
water insoluble liquid complex, whereby shelf hfe and celt capacity are improved. 
40 In another aspect of the present Invention, there is provided an 8fl"^«f ^« 

bromine secondary battery Including a plura ity of electrochemical cells, said cells 
comprising a metal anode havmg as active component zinc or oadmluro, a 
nonreactive electrode; an aqueous electrolyte containing » J* 
metal being the same as the metal of the anode; and, as the sole bromine 
3e Jagent, a tetmonano substituted amoiomum bromide «h^ch "s sduble in 45 
w^VwWohforiAa asubst&ly water insoluble Uqmd c^^^^ 
which acts as a source of cathodic bromine during cell discharge. 

These and other embodiments of the present mvention will become more 
apparent upon a reading of the detailed description m conjunction with he 
accompanying drawing, being a cross-secUonal view of a cell m accordance with iu 
the present invention. , ^ i. . r .t. 

Turning now to the Agure. there >s shown one embodiment »f 
present invention. As Illustrated in the figure an electrochemical ceU of the present 
Invention comprises a metal anode 10 disposed in a contamer 12 contajning 
55 aaueous eJectfoJytc 14. - • i ^ j r 

The metal ataode in accordance with ihc present invention is scJectcd from 
zinc and cadmium. Ii should be noted, however, that it is not absolutely essential 
that the metal anode be formed solely of zinc or cadmium. Indeed* inert wire mesh 
OT various forms of porous carbon materials upon which zinc or cadmium may be 
60 plated can 5crvc very weU in forming zinc or cadmium electrode , , , 

Spaced apart from the anode 10 ifi a chemicallv inert electrode 16. Inert 
electrode 16 is dJaposed within container 12 so a* to be in contact with ojjs 
electrolyte 14 and the bromine active cathodic raatenal which material wm oc 
described hereinafter in greater detaU. Turning firsts however, to electrode 16 it 
65 ihould be noted that a wide range of inert material* can be used for fabricating 6? 
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electrode 16 such as various forms of electriceUy conductive and non-corrosive 

bromine active material. K su uWe chcmwaiiy i^^^^^^ } invention ^ 

material for forinuig atv inert electrode 16 for P"<^^^^^^ sold by Union Carbide 

the desired energy deiiMly of Ae cell. Typica^^^^^ 

bromide solution will be .0 ^'^'^f.^;^^'^ Jj^t „ 6.0 molar and higher 

which ts capable of eo«nWP'"8 wim tne c^^ teraperatui* range 35 

general structural fomula: 
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S'Sffradical attached 10 the nitrog^^^ 45 

^"^ftifer^lv airlh; tetraorgano radical substituted ammonium salt of the 

■id rinTVvstem another heteroatom. Particularly P«fc."«d . ^^^f^A^" 

^ comp&f the Snt invention are unsymmetrical morpUnLum bromides 

represented by the fOTmula: 

Br© 

wherein R, is a methyl group and R. Is selected from alkyl groups having from 2 to 
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(a) 1*= ]s the currtnt in the charging mode 

(b) (y is coulombfi in the charging 

c ^is the current in the discharging in^^^^ 
(d^ (y \% coulombs in the discharging mode 

(c) E Is the efficiency 
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-i ^ L -fk«T nrnnvl isooroDvl and the like and haloalkyl groups 

5 winptBX the broinjM upon chargiiiB f ''l^Sjde ^^^^^ upon the amount of 

metal brom.de Pre«"\,^"^ ^/Jj^J^^^ salt to metal bronude 

however, the ratio of 'etjaorgano sudkuuico . y ^atus of tetraorgaTio . 

The abovc-menUooed teiraoreano »uya^^ prepared by reacting an 

anunoniuin salt present m the *«f generated at electrode 
Mfflplex. Thus, with a bromide electrolyse bromm^^^^^ ^omplexed by the 20 

^n°irbetp"-^^^^ 

" (Lc, not having an axis of 'ym""^ nresent invention is that the bromine 
LnmoDium salt, ta,i^«'''*^ZLmhiniuorof thccS 

A zlBCbromlne secondary ceKg*«>^^^^^ rilt'^VpS^trr 

formed from carbon .l^n c,^^"^^^^^^ " ^ r^'' 

was compnrssed on a tantalum '^"""^ ^'^X "'^^Wc carbon felt tn^tS^al *as 
substrate for anc deposition. A commerciaiiy^av^ counterelectrodc. Both 
impressed on a t^^aluffl sctwn wd usea m a^^^^ „ ^ ^^^d as 40 

electrodes had an area of Mem'. Two^^^^ ^ 
the batteiy separator. The ^«»hly ^^^^^ sulfate and I molar N-njethyl. N- 

utilization in cycles 3 and 4, 

TABLE I 

50 1^A Q-.A.hr 

Cycle PA Q'.A.hr dischaigc discharge t. A 

1 0-19 °H S-',! OU 21 

2 nil 065 75 55 

I S?9 Sfs 
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in this example the We -^^i-^tn to^^^^^^^^ 
binder Impressed on a tantalum scfwn.Tl^e Inert co^^^^^ 
mixture of charcoal and carbon ^laclc m a <ctr^^^^^ ^^^^^ 
S impressed on a tantalum screen. ^ cominerci^^^^ , 

pofyethySen* sheet T^e celSffl w^^^ of 

area of each ^0 -.^^^ moTpholLnium 

10 The cell was put through a chaigmg-dificharging regime as snown m 



TABLE n 

Cycle O-.A.hr %0 I-.A Q^.^"^ \^ 
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2 0.2 0.77 80 0.4 0,31 

4 02 0.64 67 0,4 0,20 31 

0.45 47 0. 0.0 

0S6 90 O.l 0,26. 
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(fl) l« is current in charging mode 

(b) is coulombs in chargiag mode 

(c) %U ia percent utilization. 

%U= xlOO 

20 1.12 

(dl I** is current in discharging mode 
(e) (y is coulombs in discharging mode 
(0 E is cell efficiency 

A comparative test wa, ^a^dSe^^^^^^^ 

A hr 1^ e cycling Tegimc and the reflultA thereof are given in Table m bciow. 

TABLE ni 

Cycle ISA Cy,A.hr %U P.A Cy.A.hr E,% 
- __ ««« oo nz • 0 31 41 
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5* O'i 6:45 47 ai 0.0 0 33 

35 6 0^ 0.86 90 0. 0,26. 30 

° Q2 0.86 90 0.1 0.3U ^0 



8 

(5*) The ceU was allowed to stand at open circuit potential between charge and 
discharfie for 15 hours ^ . , 

(a) P is current during charging mode 40 
40 (b) cy i* coulombs in charging mode 
(c) 

o/Usi xlOO ^percent utmzation 

0,96 

(d) I* is cuirent during discharging mode 

(e) 0** is coulombs in discharging mode 
45 if) E is cell efficiency 

AS can be Been in this example, the cell is less efficient than the cell of ihis 

^""S^rc'opltVSf^^^^^^ No. 1568398) we describe and 

claim an elecKem^^ having a metal bromine couple compnsing. 
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an electrode structure on which to deposit th« metal of the metal bromine 
'""^n"' inert countcrelcctrode structure at which to *er,cr»te the bromine of the 
5 "'^"oS^'cSilytccontalntagam^^^^ 

' ^cnt. the metal of said metal bromide ^^j^R '^i^'t^^^^^^^^^^^ from 

b?omine complewos ageat bcuw 'l^^'^d^f^ ""^^ thereof with 

water-soluble organic quaten^ary ammomuraM^^^ ^^ 

water soluble organic ';f/i*S. 

*-''Srfoi"SsKi«^^^^^ 

'•^fi^a^ion zL communicating wijj^d ceU J^^^^^^^^ 

.said ceU during dischafBe of add "IL 1569399) we describe and 

In our copending appUcaiJon l^^^??^^ If'^^.^ Vtile havinc as its active 
claim an electrochemical ceU ?<>'»P"«'°8L^„f ^lo^e^ao 
component «th" ^""L^ nietal 

fsol«'^«?nffo^^^^^^^ 
complex. 

component either zinc or cadmium; a bromine oat^^^^^^ 
coSLiing a metal bromide the metal ^j;^^^^^^^^ 

of the anode; and. as the «olcbrt>mme c^^^^^^^^^ ^^t^, 30 
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substituted ammonium salt has the formula: 



10 



15 



20 



35 



40 



35 wherein(a)thedangUngv.Je^^^^^^^^ 

a heterocyclic nttrogen atom connected to carwnaao^ structure, which latter 

five-member «j;,toS^X-^ cffle o^bSVand (0 R. is 

includes an addiUonal heteroatom^ W X is c^^^ 

>i, BrO 

45 /V 

h h 

wherein R, is a methyl group and wherein R, is an altyl group having from 
' " f TcWKdln^&'wSllW --nium salt is N- 

50 '""i\''ctf2c"?^atTyr^^^^^^ 

the electrolyte ia an aquegu* zinc bromide solution. 
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'.7 An aqueous metal-halogen secondary battery including a pluratity of 
electrochemical ccUj, said electrochemical cells comprising: a metal anode having 
as Its active component zinc or cadmium; an inert countcrelectrodc; an aqueous 
electrolyte, said aqueous electrolyte consisting of an aqueous metal bromide 
£olulion in which the metal is the same as the metal of the anode; and, a 
cathodically active bromine complex which is a liquid and substantially water 
immiscibie» said bromine complex being formed solely between bromine and a 
water soluble tetraorgano substituted ammonium bromide having the general 
formula: 
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Primed for Hcf MajcMy'i Stationery OfTw^ by the Courier Press, Lcamtnglon Spa. 1980 
Published by The Patent Office, 23 SotttMwplOo BuiWinfiJ. London. WC2A lAV. from 
whtcb copief msjy be obtained. 
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\© BrO 10 

wherein the dangling valences of the nitrogen atom indicate that nitrogen is a 
heterocyclic structure Selected from saturated five mcmbcrcd structures and 
saturated slx-membcred structures containing only carbon and hydrogen and 
another heteroatora and wherein is selected from alkyl groups having from i to 

15 8 carbon atocns and Rj Is selected from aUcyi «oups and halosubstituted alkyl 
groups having from 1 to 8 carbon atoms but different from R,. . , • 

8.. AMt^tcry as claimed In clam ?, wherein the metal anode is ^nc and wherein 
the aqueous clectroiytc is a solution^rtiftc b^Wde and wherein the quatcinary 
ammonium compound is an unsymmetcical morpholinium compound having the 

20 general formula: 

S^© Br © 

wherein is an alkyl radical having from 2 to 8 carbon atoms or a chloromethyl 
group » 

9. An aqueous metal-halogen, secondary battery Including a plurality of the 
25 electrochemical cells defined in claim U 

10. An electrochemical cell as claimed in claim 1 and substantially as herem 
described. 

11. An electrochemical cell as claimed in claim I and substantially as 
described in Example 1 or Example 2 herein. 

K, J. VERYARD 
15, Suffolk Street S.W.I. 
Agent for the Applicants. 
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